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Synopsis： 
 Nondestructive method for firmness evaluation is required for sorting tomato quality. The velocity of surface elastic waves propagating on a tomato 
was measured at frequencies ranging from 0.5 to 19 kHz. The velocity dispersion curve observed suggests that the type of elastic waves is Lamb waves.  
The velocity measured around the tomato circumference at 1 kHz revealed the spatial distribution of internal carpel wall and external wall. The velocity 
measured for 21 tomatoes showed a little dependence on firmness. 
   Measurements of impact force and compression tests were also made for tomatoes with different firmness. The rising gradient of the impact-force 
curve showed a good correlation with the gradient of stress-strain curve, representing elastic constant, obtained in the compression tests, and also with 
the sensory firmness. A new parameter representing a loss tangent was suggested from the falling curve of impact force.  
 




























































































まで，すなわち 0 から 0.5 の間で変化しても，(1)式右辺


















s は，縦波速度 ll kv / ，横波速度 ss kv / を使




















               (3) 
Fig.1(a)は測定のブロック図である。発振器（NF 




Fig. 1. (a) Experimental system for surface-wave 
 measurement for tomato. (b) Photograph of the transducer 



































































2        (6) 
球の粘性を考慮に入れるため，kを )1(* ikk   の
ように複素数とすると[20] 
 2/32/3 )1(* uikukF   
 2/12/3 kuuiku 
       (7) 
単振動のように，変位が sin 関数で表わされると近似す
ると， ui は速度に相当するので上式は 
2/12/3 uuckuF        (8) 















する。フォースセンサ（Bruel&Kjær 8230 Force 

















Fig.2 The experimental system for measuring an impact 
force from falling tomato. 
 

















   
Fig.3 The experimental system for the compression test of 
tomato. Applied force was detected with an electronic 



































































Fig. 4 Surface-wave velocity as a function of frequency on 
an external wall for hard tomato (diamonds) and soft tomato 














Fig.5 Distribution of surface wave velocity around a 
tomato circumference measured (a) at 1 kHz, and (b) at 10 
kHz. 
Fig.6(a) は，測定したトマトの断面を撮った写真である。     
Fig.5の結果とFig .6 (a)の写真では左右逆になっているこ
とに注意して欲しい。隔壁部に対応してスジ１から６と















Fig.4 で示したような Lamb 波の振舞いをして速度が小さ
いと考えられる。10 kHzでは，果皮の厚さが7-8mm程度
であるのでゼリー部の影響も受けるが，その度合いは波






















Fig.6 (a) Cross section of the tomato sample 
corresponding to the results in Fig.5. (b) Tomato 
sample with an internal structure having irregular 



















Fig.7 Firmness dependence of surface- wave velocity at 14 
kHz. The solid circles, triangles and squares represent soft, 
medium and hard tomatoes, respectively. 
 
4.衝撃力試験の結果と議論 
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Fig.8 Impact force curves measured for three kinds 
of tomatoes with different firmness, soft (a), medium 
(b) and hard (c). Three curves in each figure were 
obtained with different positions of single tomato. 
(b) 

























































































Table 1 Gradients of impact force and compression tests, 


















Fig.9 Impact force curve with folding back the latter  
half of the curve. The sample was a “hard” tomato. 
落下時とリバウンド時の衝撃力曲線の差の面積 
N＝―――――――――――――――     (9) 
     最大ピーク値 
Fig.10  Stress―strain curves for a “hard” tomato. 
Compression tests were done three times for each tomato 



































































































Fig.11 Correlation of gradient of impact force curve with 
that of compression curve. Soft (solid circles), Medium 
(triangles) and Hard (squares) samples were selected by 
tactile impression. 
 











Gradient of compression curve (a. u.)
Fig.12 Relationship between the loss parameter N/k and 
the gradient of compression curve. Soft (solid circles), 
Medium (triangles) and Hard (squares) samples were 
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